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ABSTRACT
Abundance analyses of the two newly discovered R Coronae Borealis (RCB) stars ASAS-
RCB-8 and ASAS-RCB-10 were conducted using high-resolution optical spectra and model at-
mospheres. Their chemical compositions place the pair among the majority class of RCBs.
ASAS-RCB-10 is one of the most N-poor majority RCBs with an above average O abundance.
Relative to ASAS-RCB-10, ASAS-RCB-8 is H poor by 1.6 dex, O-poor by 0.7 dex but N-rich by
0.8 dex suggesting a higher contamination by CNO-cycled material.
Subject headings: Stars - abundances, Isotopic ratio- carbon, evolution of stars
1. Introduction
RCoronae Borealis (RCB) stars are a rare class
of yellow supergiants exhibiting very peculiar pho-
tometric and spectroscopic characteristics. RCB
stars experience optical declines of up to sev-
eral magnitudes at (presently) unpredictable times
with return back to their maximum light after
many days, months, or years. The dominant spec-
troscopic peculiarity is that their photospheres
are hydrogen poor by about factors of thousands
to millions of times. RCB stars are further di-
vided into majority RCBs and minority RCBs
(Lambert & Rao 1994). Most notably, the mi-
nority RCBs have much higher [Si/Fe] and [S/Fe]
abundance ratios than the majority RCB stars.
Just over 100 RCB stars are known in the
Galaxy, the Small Magellanic Cloud (SMC) and
the Large Magellanic Cloud (LMC). About 80
RCBs have been identified in the Galaxy accord-
ing to Clayton (1996); Clayton et al. (2002, 2009);
Hesselbach et al. (2003); Miller et al. (2012); Tisserand et al.
(2013, 2008); Zaniewski et al. (2005). Of the
known Galactic RCBs, abundance analyses are
available for only about 15%, a small sample which
may not be fully representative of the class. Un-
fortunately, some RCBs are cool with complex
spectra dominated by molecular bands, principally
C2 and CN in the optical region, and, thus, are a
severe challenge to quantitative spectroscopy and
many others are too faint for high-resolution spec-
troscopy with present telescopes. In this paper,
we provide chemical compositions for two recently
discovered warm and relatively bright Galactic
RCB stars.
The origin of RCB stars is not yet without
mystery. The most likely scenario was proposed
by Webbink (1984): a He-white dwarf merges
with a CO-white dwarf to form the RCB with
its bloated envelope around the C-O white dwarf.
This scenario accounts at least qualitatively for
the composition of the majority RCB stars in-
cluding the striking discovery of high abundances
of 18O relative to 16O in the cooler RCB stars
and their likely relatives, the cool H-deficient
carbon (HdC) stars (Clayton et al. 2005, 2007;
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Garc´ıa-Herna´ndez et al. 2009, 2010). Favourable
discussions of observed and predicted surface com-
positions from a merger of a He with a C-O white
dwarf are provided by Pandey & Lambert (2011);
Jeffery et al. (2011) and Menon et al. (2013).
This paper aims to conduct an abundance
analysis for two newly-discovered Galactic RCB
stars: ASAS-RCB-8 and ASAS-RCB-10, found
by Tisserand et al. (2013). These and other RCB
stars were discovered from photometry using the
ASAS-3 ACVS1.11 variable star catalogue. Low-
resolution spectra were obtained to confirm that
they were RCB stars.
Our abundance analysis also considers two
other recently discovered RCB stars V532Oph
(Clayton et al. 2009) and V2552Oph (Kazarovets et al.
2003; Kato & Katsumi 2003; Hesselbach et al.
2003). Abundance analyses of this pair have been
previously reported: V2552Oph by Rao & Lambert
(2003) and V532Oph by Kameswara Rao et al.
(2014). New spectra of the pair are analysed here,
partly as a check on our analytical procedures.
2. Observations
High-resolution optical spectra of the program
stars at their maximum light were obtained with
the 1.2-m Mercator telescope at the Roque de
Los Muchachos observatory, La Palma. The
1.2 m Mercator telescope is equipped with the
high-resolution fibre-fed spectrograph, HERMES
(High-Efficiency and High-Resolution Mercator
Echelle Spectrograph) (Raskin et al. 2004). The
spectra were acquired at a resolving power (λ/dλ)
of 85000 over the whole wavelength domain from
3770 to 9000A˚. Before abundance analysis, ap-
plication of smoothing increased the S/N ratio
and lowered the resolving power to 35000 but the
intrinsically-broad stellar line profiles are barely
affected. Spectra for the program stars, ASAS-
RCB-8 and ASAS-RCB-10 were obtained along
with spectra of V2552Oph and V532Oph. Spec-
trum of a rapidly rotating early-type star was also
obtained for each set of observations along with
other calibration spectra.
McDonald observatory spectra of ASAS-RCB-
8 and V2552Oph were obtained with the Robert
1The ASAS-3 survey monitored the sky south of declination
+28 deg between 2000 and 2010 to a limiting magnitude of
V = 14.
G. Tull cross dispersed echelle spectrograph of
the Harlan J. Smith 2.7m reflector at the W. J.
McDonald observatory (Tull et al. 1995). The
spectral resolving power R=λ/dλ was 40000. The
spectrum covers 3900 to 10000A˚ with gaps beyond
about 5600A˚ where the echelle orders were incom-
pletely captured on the Tektronix 2048 × 2048
CCD. (The McDonald spectrum of V2552Oph
differs from that analysed by Rao & Lambert
(2003).) Mercator and Tull spectra of the same
object are well matched in strength and shape of
spectral features.
The date of observation, the AAVSO visual-
validated magnitude (V) at the time of observa-
tion and the heliocentric-corrected radial velocity
are given in Table 1.
3. Interstellar Extinction and Absolute
Magnitude
In this section, the interstellar reddening is esti-
mated from the strengths of the diffuse interstellar
bands (DIBs) and the distance from the radial ve-
locities of the star and from interstellar Na D lines.
Together the reddening and distance provide an
estimate of a star’s absolute magnitude and this
magnitude with an estimate of the stellar mass
defines a locus in the (Teff , log g) plane which in
conjunction with spectroscopic loci serves to con-
strain the atmospheric parameters Teff and log g.
DIBs are identified in the spectra of V532Oph,
V2552Oph, ASAS-RCB-10 and ASAS-RCB-8.
Equivalent widths of seven DIBs were measured.
For estimating the reddening E(B-V), we have
used ‘equivalent width – reddening’ relation given
by Luna et al. (2008) and Herbig (1993). The esti-
mated average E(B-V) is 0.52, 0.76, 0.57 and 0.25
lead to AV of 1.70, 2.39, 1.78 and 0.77 (assum-
ing R of 3.1) for V2552Oph, V532Oph, ASAS-
RCB-10 and ASAS-RCB-8, respectively. The
AV values are consistent with the estimates of
Tisserand et al. (2013) of 1.89 and 0.62 for ASAS-
RCB-10 and ASAS-RCB-8, respectively.
The near maximum light magnitudes for pro-
gram stars are given in Table 1. V maximum
values for the program stars were corrected for in-
terstellar extinction. These extinction-corrected
V0 are, 9.3±0.13 for V2552Oph, 9.3±0.15 for
V532Oph and 9.62±0.15 for ASAS-RCB-10.
AAVSO V band magnitudes that are avail-
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Table 1: Log of the observations for the program stars.
Star Date of Observation Vobs (mag) Obervatory Vrad (km s
−1)
V2552Oph 22 May 2007 11 McDonald 63±2
V2552Oph 12 May 2014 11 La Palma 60±2
ASAS-RCB-8 11 May 2014 11.2 La Palma 134±2
ASAS-RCB-8 23 Sep 2012 10.9 McDonald 137±1.5
ASAS-RCB-10 12 May 2014 11.4 La Palma 54±1
V532Opha 13 May 2014 11.7 La Palma 5±1
.
aV532Oph’s Vrad as determined by Kameswara Rao et al. (2014) is -4.6±1.5 km s
−1 and -2.7±0.9 km s−1, respectively, for two
different epochs (see Table 1 of Kameswara Rao et al. (2014)).
able show a V magnitude for ASAS-RCB-8 of
10.91±0.1. This V maximum value may then be
corrected for interstellar extinction of 0.7 mag.
resulting in V0 of 10.2±0.15. The estimates of
E(B−V ) for V532Oph are in excellent agreement
with that of Kameswara Rao et al. (2014). But for
V2552Oph, our determinations of E(B − V ) are
different from that of Rao & Lambert (2003).
Kinematics of the interstellar gas along the line
of sight to ASAS-RCB-8 are revealed by the Na i
D lines. As an aid to identifying the interstellar
Na D components, we computed the expected ra-
dial velocity with respect to the local standard of
rest (LSR) with distance in the direction of ASAS-
RCB-8 using the model Galactic rotation given by
Brand & Blitz (1993). Components with negative
LSR radial velocities are not expected to occur in
this direction. The Galactic rotation curve shows
an almost linear increase of Vlsr with distance and
suggests that the radial velocity of the star (Vlsr
∼ 144 km s−1) might occur at a distance of 8 kpc.
Presence of ISM clouds in front of a star provides
a minimum distance to the star of 7 kpc and a
lower limit to the absolute visual magnitude (MV )
of this star. The extinction-corrected V magni-
tude 10.2±0.1 obtained earlier coupled with the
distance estimate of 7 kpc provides the minimum
MV of -4.0±0.2. However if the star is at a dis-
tance of 8 kpc the MV would -4.3.
Similarly, the distance estimated for ASAS-
RCB-10 is about 7.4 kpc for the star’s LSR cor-
rected radial velocity (Vlsr) ∼ 66 km s
−1. Using
the extinction-corrected V magnitude 9.62±0.15
along with the distance estimate, the absolute
magnitude of the star would be −4.7±0.2. For
V2552Oph, the distance estimated is about 7.7
kpc for the star’s LSR-corrected radial velocity
(Vlsr)∼ 72 km s
−1. Using the extinction-corrected
V magnitude 9.3±0.13 along with the distance es-
timate, the absolute magnitude of the star would
be −5.1±0.2.
The bolometric correction for stars with the
Teff of 6750 K is expected to be small: ∼ 0.02 ac-
cording to Flower (1996) for normal supergiants.
Our adopted Mbol for the stars are −4.0± 0.2 for
ASAS-RCB-8 and −4.7 ± 0.2 for ASAS-RCB-10
where the uncertainty includes an estimate aris-
ing from the uncertain distance determinations.
Unfortunately, the distances can not yet be re-
placed by parallax-based estimates. Two of the
four stars are in the presently-available GAIA cat-
alogue (Gaia Collaboration et al. 2016a,b) but the
parallaxes are quite uncertain: π = 0.18±0.24 mas
for ASAS-RCB-10 and π = 0.59±0.25 mas for
V2552Oph.
As is well known, Mbol can be expressed in
terms of effective temperature Teff , surface gravity
log g and the stellar mass M as
Mbol = Mbol,⊙ + 2.5 log (g/g⊙) − 10 log
(Teff/T⊙) − 2.5 log (M/M⊙)
A mass of M/M⊙ = 0.7±0.2 is assumed con-
sidering the proposed scenario for the origin of
RCB stars (Weiss 1987; Iben et al. 1996). This
relation for a given Mbol then provides a locus in
the (Teff , log g) plane which (see below) with other
loci contributes to the determination of the atmo-
spheric parameters Teff and log g.
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4. Abundance Analysis
The abundance analysis is modeled closely on
the analyses discussed in detail by Asplund et al.
(2000) and followed in subsequent analyses by
Rao & Lambert (2003) for V2552Oph, Rao & Lambert
(2008) for VCrA and Rao et al. (2014) for
V532Oph. Lines selected for measurement were
largely those chosen in these earlier studies with
the exception that fluorine (F i) lines were chosen
following Pandey et al. (2008) and the C2 Swan
bands were synthesized following Hema et al.
(2012).
The LTE line analyses of the program stars
were conducted by combining the UPPSALA line-
blanketed H-deficient model atmospheres con-
structed based on the usual assumptions: flux
constant, plane-parallel layers in hydrostatic and
local-thermodynamic equilibrium (LTE), with the
UPPSALA equivalent width analysis program
‘EQWIDTH’ (Asplund et al. 1997).
In the RCB stars, the chief source of continuum
opacity in the optical spectra is photoionization of
neutral carbon (Asplund et al. 2000). Hence, a
line of element X is influenced by the abundance
ratio X/C even though He is the most common
species. Since carbon is the dominant opacity
source, the observed C i lines from levels with ex-
citation potentials similar to the levels providing
the continuous opacity are insensitive to the stel-
lar parameters. Indeed, the strength of a given C i
line is expected to be of same strength in spectra
of RCB stars of different stellar parameters, while
the strength of the other elemental spectral lines
will vary with the change in stellar parameters and
the metallicity (Rao & Lambert 1996).
These expectations are confirmed but for one
troubling surprise; the predicted strengths of C i
lines are weaker than observed. Equivalently, the
carbon abundance derived using the H-deficient
line-blanketed model atmospheres is a factor of
4 or about 0.6 dex less than that adopted for
the input model atmosphere. This discrepancy
is dubbed the ‘carbon problem’ by Asplund et al.
(2000). Further insights into the carbon problem’s
resolution are potentially provided by observations
of [C i] lines by Pandey et al. (2004) and the C2
Swan bands (Hema et al. 2012). Asplund et al.
(2000) proposed an array of resolutions with some
now failing to satisfy constraints set by the [C i]
and C2 observations. Their favored resolution sup-
posed that the photosphere of Nature’s RCB stars
exhibited a shallower temperature gradient than
the photosphere emerging from a computer. In
principle, this idea might also satisfy the [C i] and
C2 observations. As a temporary but probably
adequate measure, Asplund et al. suggested that
abundance ratios such as O/Fe might be little af-
fected by the inability to resolve the carbon prob-
lem. Thus in what follows our focus is on abun-
dance ratios. The abundance analysis is based on
model atmospheres constructed for a C/He ratio
of 1% by number, a value close to the mean of
0.6% for extreme helium stars (EHes) (see Table
1 of Jeffery et al. (2011)). EHes are sufficiently
hotter than RCB stars that helium provides the
continuous opacity and, hence, the C/He ratio is
measurable from the strengths of He and C lines.
EHes and RCB stars are likely on very similar evo-
lutionary tracks.
An appropriate model atmosphere from the Up-
psala grid is selected using a series of indicators
each providing a locus in the (Teff , log g) plane. A
measure of Teff with only a slight dependence on
log g is set by demanding excitation balance using
permitted lines of Fe ii, and permitted and forbid-
den lines of O i. The lower excitation potential for
Fe ii and O i lines range from 2.8eV to 6.2eV and
0eV to 11eV, respectively. Ionisation balance set
using lines of Fe i and Fe ii, Mg i and Mg ii, and
Si i and Si ii provided three loci. Finally, the lo-
cus corresponding to the Mbol estimate for a mass
of 0.7M⊙ provides the final locus. To conclude
the selection of parameters, lines of C i, Fe i, N i,
Ca i, S i and Si i were used for separate determina-
tions of the microturbulence, a quantity essentially
independent of effective temperature and surface
gravity.
Since both V532Oph and V2552Oph have been
analysed previously, we compare our results with
these previous estimates. Our determinations
of the stellar parameters for the V2552Oph, for
the spectra from McDonald and La Palma ob-
servatories are an excellent match and are in
agreement with those adopted by Rao & Lambert
(2003). From our analysis, the determined stel-
lar parameters for V2552Oph are, (Teff , log g,
ξt): (6750±250, 0.4±0.5, 7.5±1). Rao & Lambert
(2003) adopted parameters (6750, 0.5, 7). Abun-
dances for C/He = 1% models are compared in
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Table 2.
For V532Oph, we compared the equivalent
widths measured from the La Palma spectrum
with those measured by Kameswara Rao et al.
(2014) from their McDonald spectrum. Since
these were an excellent match, we adopted the stel-
lar parameters derived by Kameswara Rao et al.
(2014). They are, (Teff K, log g (cgs units), ξt
km s−1): (6750±250, 0.5±0.3, 7.5±1.0).
The abundances from the previously published
results and from this work are given in Table 2
for the program stars V2552Oph and V532Oph.
The derived abundances in this study are in
good agreement with that of the previously pub-
lished results, except for minor differences in the
abundances which are attributable to the errors
in the measured equivalent widths and differ-
ences in the lines used. The consistency be-
tween our abundances and previously published
results shows that our results for ASAS-RCB-8
and ASAS-RCB-10 will be on the scale established
by Asplund et al. (2000).
The stellar parameters determined for the new
RCB stars, ASAS-RCB-8 and ASAS-RCB-10 re-
spectively are (Teff K, log g (cgs units), ξt km s
−1):
(6750±250, 0.5±0.5, 7±1) and (6900±250, 0.35±0.5,
7±1). Figure 1 and 2 show the log g vs. Teff plane
for ASAS-RCB-8 and ASA-RCB-10, respectively.
Adopted stellar parameters are indicated by a dot
and error bars with the cross. Abundances are
summarized in Table 3. The errors on elemen-
tal abundances given are the mean of line-to-line
scatter of the abundances. The errors on the abun-
dances due to the errors on the stellar parameters
are similar to those calculated by Asplund et al.
(2000) (see Table 4 of Asplund et al. (2000)). The
effects of ∆Teff , ∆log g, ∆ξt on the abundance
ratios, (X/H) and (X/Fe) is less than 0.1 dex.
5. Chemical composition
By all principal abundance indicators, ASAS-
RCB-8 and ASA-RCB-10 belong to the majority
class and not the minority class of RCB stars.
Figure 3 (left-hand panel) shows abundance ratio
[Si/Fe] versus [S/Fe] for RCB stars analysed by
Asplund et al. (2000) and others. Figure 3 (right-
hand panel) shows these abundance ratios for EHe
stars with data taken from (Jeffery et al. (2011)
and the references therein).
Fig. 1.— The log g vs. Teff plane is shown for
ASAS-RCB-8. Black up-down arrows mark the
locus of the excitation balance for the Fe ii lines.
The loci of the ionization balance for the Mg i and
Mg ii, Si i and Si ii, and Fe i and Fe ii are shown.
The locus for the determined Mbol = −4.0±0.2 is
also shown along with the loci for the errors on
Mbol in dotted lines. The black dot and the red-
dashed cross shows the final Teff – log g for the
star.
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Fig. 2.— The log g vs. Teff plane is shown for
ASAS-RCB-10. Black up-down opposite arrows
mark the loci of the excitation balance for the Fe ii
lines, and O i and [O i] lines. The loci of the ion-
ization balance for the Mg i and Mg ii and Fe i and
Fe ii are shown. The locus for the determined Mbol
= −4.7±0.2 is also shown along with the loci for
the errors on Mbol in dotted lines. The black dot
and the red-dashed cross shows the final Teff – log g
for the star.
Fig. 3.— The abundance ratios of [Si/Fe] vs [S/Fe]
are given. The left panel shows the plot for RCB
stars along with the two new RCBs ASAS-RCB-
8 and ASAS-RCB-10 in red squares. The right
panel shows the plot for EHes.
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ASAS-RCB-8 and ASAS-RCB-10 are posi-
tioned firmly in the majority clump, as are
V532Oph and V2552Oph, as noted earlier by
Rao & Lambert (2003) and Kameswara Rao et al.
(2014). Certain minority RCB stars V3795 Sgr
and VCrA are very cleanly separated from the
majority stars. VZ Sgr also previously desig-
nated a minority RCB is less cleanly separated
from majority RCBs. The spread in [Si/Fe] and
[S/Fe] for RCBs and EHes appears to exceed the
spreads expected from the abundance determina-
tions. In previous discussions - for example, that
by Rao & Lambert (2008) – DYCen, which has
been termed a hot RCB, appears as a minority
RCB star. However, this appearance rested on
a low Fe abundance (Jeffery & Heber 1993) but
reanalysis by Pandey et al. (2014) including con-
sideration of non-LTE effects places this hot RCB
with the majority RCB stars. The EHe sample
does not provide a minority star but they are
spread out more than the RCB stars in [Si/Fe]
and [S/Fe] along a line of a roughly constant Si/S
ratio which is displaced about 0.4 dex from a sim-
ilar line for the RCB stars.
The majority RCBs have similar but not iden-
tical compositions. In Figure 4 and 5 we show
histograms for several elements with the pair of
ASAS-RCB stars identified and minority RCBs
distinguished from the majority stars. For the
majority RCBs, the width of the histograms ex-
ceeds the likely errors with the largest widths oc-
curring for H and Li (not shown). The 4 dex
spread for H is obvious from the star-to-star differ-
ences in the appearance of the Hα line. Lithium
is strongly present in a few stars and clearly ab-
sent in most including ASAS-RCB-8 and ASAS-
RCB-10. For N and O, the histograms for ma-
jority RCBs spans about 1.5 dex. The Y abun-
dances span about 2 dex. Inspection of Figure 5
shows that the Fe abundances are centered about
the abundance 6.5 or a deficiency of 1 dex rela-
tive to the Sun. Given the carbon problem (see
above), the Fe deficiency (and similar results for
other elements) may arise from use of an inappro-
priate atmospheric structure. However, the defi-
ciency of Fe by about 1.0 dex relative to solar is
roughly consistent with the ‘kinematic’ abundance
and supports the choice of C/He ratio of 1% for
RCBs (for details see Rao & Lambert (1996)). In-
sistence of the same C/He (= 1.0% by number)
across the sample may also have contributed to
the spread in the histograms; for example, use of
C/He = 10% increases most abundances by 1.0
dex, i.e., would remove the Fe underabundance.
However, the adopted 1% C/He ratio is already
almost a factor of two greater than the measured
ratio for EHes stars, possible close relatives of the
RCBs, as noted by Rao (2008).
Within the majority RCB population ASAS-
RCB-10 has a low N and a high O abundance for
a N/O ratio of −0.9 dex. ASAS-RCB-8 has the
high N/O ratio of +0.6 dex. This reversal of the
N/O ratio may indicate that ASAS-RCB-8 is now
contaminated more severely than ASAS-RCB-10
with CNO-cycled H-burnt material. Consistent
with this speculation is the lower H abundance of
ASAS-RCB-8 and its generally higher metal abun-
dance (the lower C abundance leads to lower con-
tinuous opacity and stronger metal lines, all being
equal).
Spectra of all stars contain the C2 Swan bands
with and the (0,0), (0,1) and (1,0) band heads
at 5165, 5636 and 4737 A˚, respectively. Spec-
trum synthesis was used to fit the observed bands
- see Hema et al. (2012) for details. The de-
rived carbon abundance from C2 Swan bands for
the new stars confirms the results of our previ-
ous study (Hema et al. 2012), that these derived
abundances are independent of the adopted model
atmosphere’s carbon abundance. The derived
carbon abundances from the (0,1) C2 band for
V2552Oph, V532Oph, ASAS-RCB-8 and ASAS-
RCB-10 are 8.1±0.1, 8.2±0.1, 8.3±0.1, 8.2±0.1,
respectively, for C/He ratio 1%. The C abundance
provided by the Swan bands and from C i lines is
compromised by the lack of understanding of the
carbon problem (see above). In principle, the (1,0)
band with the 12C13C head displaced to the red of
the blue-degraded 12C2 could provide an estimate
of the 12C/13C ratio. Unfortunately, a Fe i line
is blended with the 12C13C head. However, the
12C13C band head is almost reproduced by this
Fe i line, indicating that there is very little or no
13C present in these stars. The high lower bound
to the 12C/13C ratio is as expected for the merger
product.
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Fig. 4.— The frequency histograms of the elemen-
tal abundances for H, N, O and F are shown for the
majority and minority and the two new RCB stars.
Black line represents the majority RCB stars and
green line the three minority RCB stars, and red
hatched lines represent the new RCB stars ASAS-
RCB-8 and ASAS-RCB-10.
Fig. 5.— The frequency histograms of the ele-
mental abundances of S, Fe Y, and Ba are shown
for the majority and minority and the new RCB
stars. Black line represents the majority RCB
stars, green line represents the three minority RCB
stars, and red hatched lines represent the new
RCB stars ASAS-RCB-8 and ASAS-RCB-10.
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Table 2
The derived and the previously published elemental abundances for the RCB stars
V2552Oph and V532Oph.
logǫ(E) for V2552Oph logǫ(E) for V532Oph
Elements Nowa na,d 2003b nb,d Nowa na,d 2014c nc,d
H i 6.67 1 6.66 1 6.57 1 6.31 1
Li i · · · · · · <0.96 1 · · · · · · <0.97 1
C i 9.0±0.26 31 9.05±0.24 17 8.82±0.3 14 8.91±0.34 14
N i 8.80±0.3 17 8.96±0.28 8 8.57±0.23 10 8.57±0.23 10
O i 8.0±0.20 10 7.96±0.21 6 8.03±0.25 5 7.90±0.34 6
Ne i · · · · · · · · · · · · · · · · · · 8.62±0.21 3
F i 6.7±0.04 4 · · · · · · 6.55±0.08 5 · · · · · ·
Na i 5.95±0.28 3 6.14±0.12 3 6.16±0.13 4 6.22±0.04 4
Mg i 6.8±0.03 2 6.77±0.09 2 6.8±0.14 3 6.84±0.10 3
Mg ii 6.9 1 · · · · · · 6.8 1 6.89 1
Al i 5.9±0.18 5 5.78±0.11 2 5.6±0.23 4 5.81±0.15 4
Al ii · · · · · · · · · · · · · · · · · · 5.81±0.15 4
Si i 6.74±0.3 11 6.97±0.22 5 6.95±0.23 7 6.93±0.21 7
Si ii 7.0±0.18 2 7.67±0.28 2 6.82 1 6.82 1
S i 7.0±0.24 8 6.77±0.09 7 6.65±0.27 7 6.76±0.23 7
K i · · · · · · 4.48 1 4.73 1 4.83 1
Ca i 5.2±0.3 13 5.34±0.27 4 5.13±0.23 6 5.19±0.21 6
Sc ii 2.8±0.23 3 2.91±0.23 3 2.57±0.3 3 2.80±0.27 3
Ti ii 4.15±0.20 3 4.11±0.37 2 4.18±0.12 2 4.21±0.26 2
Fe i 6.50±0.25 42 6.37±0.27 21 6.44±0.12 29 6.47±0.21 31
Fe ii 6.56±0.2 10 6.42±0.09 10 6.44±0.12 10 6.51±0.13 10
Ni i 5.63±0.3 8 5.55±0.18 5 5.57±0.13 5 5.55±0.13 5
Cu i 4.36±0.02 2 3.95±0.16 2 4.33±0.08 2 4.08±0.20 2
Zn i · · · · · · 4.31 1 · · · · · · 4.41 1
Sr ii · · · · · · 4.28 1 · · · · · · · · · · · ·
Y ii 2.4±0.15 5 2.29±0.09 3 1.96±0.06 5 2.08±0.09 5
Zr ii 2.5±0.13 2 2.25±0.19 3 2.07±0.08 3 2.11±0.15 3
Ba ii 0.8±0.1 2 1.03±0.09 3 · · · · · · 1.45±0.05 5
La ii · · · · · · 0.63±0.43 2 · · · · · · 0.67±0.30 2
Note.—
a Using the spectra from La Palma Observatory.
b from Rao & Lambert (2003)
c from Kameswara Rao et al. (2014)
d n is the number of lines used in the analysis.
6. Circumstellar dust
By chemical composition, ASAS-RCB-8 and
ASAS-RCB-10 are representative of the majority
class of RCB stars as defined by Lambert & Rao
(1994). Within that class there is an apparent
spread in composition including some real star-to-
star differences. ASAS-RCB-8 and ASAS-RCB-10
are examples of these differences includng H, N
and O.
Production of obscuring soot clouds with se-
vere H-deficiency completes the pair of defining
characteristics of RCB stars. Judged by their soot
content, i.e., their infrared excess, the two new
RCB stars are also representative of the majority
class. The recent investigation of Spitzer spec-
tra by Rao & Lambert (2015) explored the char-
acteristics of the infrared excesses of RCB stars
(Garc´ıa-Herna´ndez et al. 2011, 2013). The spec-
tral energy distribution (SED) for a star was con-
structed from optical and infrared photometry cor-
rected for interstellar reddening. The SED was
then fitted with a blackbody to represent the stel-
lar flux and additional blackbodies to account for
the circumstellar dust emission.
A SED for ASAS-RCB-8 was constructed for
E(B-V) = 0.23 with optical photometry from
AAVSO and near-infrared photometry from DE-
NIS and 2MASS (quoted in Tisserand et al.
(2013)). Mid-infrared photometry is from the
satellite WISE (Wright et al. 2010) in 2010.
Blackbody fits to the stellar fluxes and the in-
frared emission by dust gives a stellar blackbody
temperature of 7200 K and dust temperatures of
400 K. The fraction of stellar flux absorbed and
reemitted by the dust is expressed by the covering
factor R = 0.005 in 2010. This value of R is among
the lowest values for RCB stars and probably not
a surprise as Tisserand et al. (2013) remark ‘only
one decline was observed during the ten-year long
ASAS-3 survey. With 0.003 mag.day−1, the de-
cline rate is about ten times slower than that of
classical RCB stars’.
Similarly for ASAS-RCB-10, blackbody fits for
the stellar fluxes and the infrared emission by dust
were made. Since the observed infrared fluxes
from WISE and AKARI were different, separate
fits were made. The derived dust temperatures
are: 780 K and 730 K for WISE and AKARI obser-
vations, respectively. The infrared flux was lower
at the time of AKARI observations relative to the
WISE observations but the variability of the in-
frared flux is common among RCB stars. The R
values for these observations are 0.20 from WISE
and 0.13 from AKARI. The mean R value of 0.16
is taken for ASAS-RCB-10.
The amount of dust produced recently by the
star (i.e., the factor R) was checked for correla-
tion with the photospheric elemental abundances
by Rao & Lambert (2015). The factor, R, indicat-
ing the amount of dust production shows correla-
tion with the hydrogen, oxygen, and also carbon
(Figures 6). R is anti-correlated with Fe (Figure
6). The new RCB stars ASAS-RCB-8 and ASAS-
RCB-10 fall on the trends indicated by the previ-
ously known RCB stars and, in particular, anchor
more firmly the low R end of the correlations.
7. Concluding Remarks
The RCB stars ASAS-RCB-8 and ASAS-RCB-
10 are new additions to the group of majority
RCBs having the elemental abundances similar to
those of previously identified majority RCB stars.
In addition, these new RCB stars support the cor-
relations previously reported between stellar com-
position and the strength of the emission by the
circumstellar dust.
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